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THE HUYGENS DATA RELAY LINK

e 2 CHAINS (redundancy)

* PCM/BPSK/PM ONE-WAY:
*ChA: 2040 MHz LHCP
*ChB: 2080 MHz RHCP

* Residual carrier phase
modulation (m=1.34, 1.37)

e Subcarrier 131072 Hz, BPSK
modulated

* Data PCM-NRZ-M 8kbps,
Reed-Solomon + Convolutional

CODE (2:1) =»16ksps

e PTA antenna: resonant
quadriﬁlar helix antenna
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End-to-end test: PROBE RELAY TEST (PRT #1) Feb 2000

Huygens

Probe

OFF ini
S-band (2 GHz) radio
signal transmission
from Goldstone
simulating Huygens
Probe transmission
(one-way light time is
40 min)

Antenna

X-band (8 GHz) Cassini telemetry

Huygens
Test JPL ESOC
Equipment :
Data Evaluation
DSS 24 Data arrive at ESOC
Deep Space 80 min after transmission
Network Antenna From Goldstone!
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PRT#1 RESULT:

For the expected mission frequency
Doppler shift, 80-90% of data packets
would be rejected on-board!!! On Earth,
severe (CRITICAL) science data loss.




HRTEF: Huygens Recovery Task Force
~1.5 years, Feb 2000- July 2001

Goal: understand flaw and find solutions

HIT: Huygens Implementation Team
~3 years, July 2001 — mid-2004

Goal: implement the recovery solution




RECEIVER MODEL and IN-FLIGHT TESTING
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RECOVERY SCENARIO:

1.- Trajectory change Cassini — Huygens
Objective: reduce relative doppler offset
2.- Pre-heating of the probe (4 hours)

Objective: decrease the frequency of the data by warming the
data stream clock before entry

(3.-) Data post-processing on Earth

Further use of Reed-Solomon capability
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Geometry change

Cassini @
Probe
Touch-down

) S 60000 Km ____ e
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PAA J 75°

New Orbiter
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Trajectory Probe Touch-
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Freguency offset [ppm]

Predicted performance of the recovery scenario

PRL NOMINAL Profile, Channel B (2.098 GHz), atm_a

----- = Atick =15 i
: End of mission: 156min
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Data Link PERFORMANCE overview

100 % DATA RETURN for CH B!! GREAT SUCCESS
+71 min on SURFACE !

0 DATA RETURN analysis for HUYGENS MISSION, CHANNEL B
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HUYGENS PROBE RELAY RADIOLINK IN-FLIGHT RECONSTRUCTION: Channel B (2.098 GHz).
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(a) Absolute AZIMUTH reconstruction:
based on matching the PTA test pattern and the AGC in-flight sﬁ nal

Huygens link. EsNao {range loss subsiractad) [dE]
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Cumulative turns

(a) Absolute AZIMUTH reconstruction

Huygens in-flight data analysis. Cumulative turns
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(b) Spin profile reconstruction

Huygens in-flight spin profile
derived from engineering sensors

;11 .
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EsNo [dB]

(c) Link on the Surface
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To Cassini
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Simulations

Huygens SURFACE radio-link. Measured vs Simulated EsND
12 eps. =2, rmsh=0.13, h =0.06

—— Measured power
—— Simulated power
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CONCLUSIONS

1.- Excellent engineering performance of the Huygens ChB radio link:

- full 100% data returned back to Earth
- 71 min ‘bonus’ on the surface, until Cassini set beneath hotizon.

Recovery Mission efforts paid off. THANKS HRTF and HIT !!
SCIENTISTS have their data to analyse TITAN.

2.- Engineering telemetries CAN be used for scientific purposes, beyond the
regular engineering service intended for. BUT need an intelligent planning. Examples:
- The spin reversal anomaly has been confirmed and characterized.
- Azimuth and spin rate profiles have been generated and will help the
instrument teams to better interpret their measurements.
- The multi-path radio-science behaviour on the surface will also
provide a local characterization of the soil properties (dielectric constant,
roughness) for synergies with the lower res Cassini radar mapping of Titan.

3.- CONGRATULATIONS to all HUYGENS and CASSINI TEAMS for the

recovery efforts, and such an awesome mission
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Probe Data Relay Subsystem
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PTA heigth = DM height + PTA phase center =
63.68 + 19.75/2 = 73.555 cm

#1101

AFTER CONE

v

EXPERIMENT PLATFORM

S s 19.75 cm

PTA phase center:

Assumed in the middle of the radome for a

%Wires helical antenna (Klooster, ESTEC).

A

1975125




too small
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Bit Synchronizer Dynamic Model
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Oscillation not explained by ‘SCANNING of the PTA pattern’ (due to azimuth-

elevation variation of orbiter position):
- too fast in time

- toO large in power variation

R iz % e

Antenna gain [dB]

v i i . : : i
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=
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Fresnel reflection coefficient for parallel polarization for £q = 1& fp = 32

Coefficients
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Frame loss mechanism

Design
Flaw

data
corruption

rejection

Relevant The The :’
Parameters Problem Effect
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ESA Huygens Mission Team: HMT

Huygens Mission Manager
J.-P. Lebreton

HSWT

SCI-SB
Administrative Support Project Controller
Christine Villien (SCI-SB) J. Gesta-Fernandez
(S. Ihaddadene (SCI-SH)) SCI-PM
Mission Operations Project Scientist Team Systems Engineering
Manager J-P. Lebreton Manager
C. Sollazzo SCI-SB K. Clausen
TOS-OFH SCI-PS

Probe Operations
Engineer
S. Standley

Local Operations
Manager
Joe Wheadon

Operations Engineer
D. Sait

Operations Engineer
M. Hermes

Operations Engineer
M. Johnsson

Operations Scientist/ PS Support
O. Witasse
SCI-SB

Administrative Support
Elisabeth Zondag
SCI-PG

Science Operations Engineer
M. Perez Ayucar
SCI-SB

Arothermodynamics/Plume radiation
F. Mazoue/(L. Marraffa)
TOS-MPA

Parachute Dynamics
R. Seiler
TOS-MMM

Trajectory Reconstruction

|| D. Atkisnon/B. Kazeminejad
Univ. Idaho/Austrian Ac. Sciences

(Contracts)

ALCATEL
Programme
Manager
A.M. Schipper

Systems Engineer
P. Couzin

T. Blancquaert
Systems Eng. Manager Support
Electrical Systems
TOS-EPS

On Board Software
Engineer
G. Rouyer

RF/Telecom
L. Popken
SCI-PGS

M Logica

Thermal System
Ph. Poinas
TOS-MCT

Mission Analysis
Entry Dynamics
D. Lebleu

Entry
L. Marraffa/F. Mazoue
TOS-MPA

EADS/Ph. Tran ‘

MBA/Vorticity: M. Neal/S. Lingard‘

Trajectory/attitude
G. Ortega
TOS-ECN

Management/Engineering Support
G. Huttin
Valor

Mission Analysis/Navigation Support
A. Castillo
Deimos @ JPL
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Power (dB)

<

Measured power vs time. Simulated power vs time for eps, = 54, rmsh = 0.25, hr =0.06
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Power (dB)

vety rough surfaces is not specular anymore)

Measured power vs time. Simulated power vs time for eps, =

15, rmsh = 0.2, h_=0.0535
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Power (dB)

)
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Measured power vs time. Simulated power vs time for eps, = 4 rmsh =0.15, hr =0.055
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PRE-HEATING 4 hours:

Warm-up the quartz oscillator generating the
frequency for the transmitted data frequency, to shift it and
compensate the Doppler

DRIFT vs TIME DRIFT vs TIME
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Freguency offset [ppm]

Freguency offset [ppm]

Robustness: 4h PRE-HEAT (implemented option)
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END OF LINK: Cassint ELEV vs TIME
- Cassint very close to disappear under the horizon at the
time of loss of link (24 seconds) !!

Cassini Elevation coordinate from landing site @ 167 2 E, 10575,
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END OF LINK: CASSINI AZ-ELEV FROM LANDING SITE

Heavily depending on landing coordinates
Waiting for update of HUYGENS landing site

Cassini celestial coordinates from landing site @ 167 3 E, 10575,
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: v Cassini trajectory
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Grazing bending of ray ~ 1deg max
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Cassini-set time (against landing coardinates)
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Simulated received power (dB)

Sensitivity to dielectric constant (from 1to 5 step=1)
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Simulated received power (dB)
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Sensitivity to surface roughtness (rmsh from 0 to 20 cm)
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Simulated received power (dB)
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Sensitivity to antenna height (from mean-10cm to mean+10cm)
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FREG. OFFSET [PPM]

The reconstructed received frequency profile
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SPIN REVERSAL —- MATCHING EARLY
DESCENT with LATE DESCEN'T

Huygens link. EsMo (range loss substracted) [dB]
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l.ink mission

‘3’ PTA tested

EsNo [dB]

SPIN REVERSAL — MATCHING THE
TESTED PTA PATTERNS

Huygens link. EsNo (range loss substracted) [dB]
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SPIN REVERSAL — MATCHING THE
TESTED PTA PATTERNS

Huygens link. EsMNo (range loss substracted) [dB]
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Oscillation not explained by ‘SCANNING of the PTA pattern’ (due to azimuth-

elevation variation of orbiter position):
- too fast in time

- toO large in power variation
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